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ABSTRACT
INTRODUCTION: Fractures of the calcaneus still remain some of the most challenging injuries that an 
orthopedic surgeon should manage. The difficulties about these fractures arise from the specific anatomy 
of the region, from the unique shape and morphology of the bone, and from the mechanism of the injury (in 
most cases high energy trauma). Despite the progress of the medical implants that can be used for fracture 
fixation in the last decade there are a lot of controversies, regarding the best option.
AIM: The aim of the study is to present our experience with the use of cannulated screws for fixation of 
dislocated fractures of os calcis.
MATERIALS AND METHODS: Twenty patients with dislocated fractures of os calcis using cannulated 
screws for fixation were operated on for a period of two years (2017-2018). The classifications used in the study 
included: the Essex-Lopresti x-ray classification modified by Stulik and Stehlik and the CT classification of 
Sanders. Two of the patients were with dislocated extraarticular fractures of tuber calcanei, three patients 
with “extreme beak” type fractures, the remaining 15 patients were with intraarticular fractures with more 
than 2 mm step off in the subtalar joint: 9 patients with tongue type and 5 patients with joint depression 
type. Gender distribution: 18 men, 2 women.
RESULTS: Evaluation of the results was made by using the Maryland Foot Score. Satisfaction from the 
treatment was graded using the Visual Analogue Scale (VAS) score (mean 7,5). The reduction is evaluated by 
measurement of the angle of Gissane, Bohler and Preis pre- and postoperatively. Assessment of the calcaneal 
height, length and width was initiated on lateral, axial and Broden views.  
CONCLUSION: Fixation of displaced calcaneal fractures by cannulated screw is effective and reliable 
method. These screws are introduced by stab incisions which leads to minimal soft tissue dissection in such 
complex area of the hindfoot. It is an enormous advantage for fracture healing and reduces the percentage 
of possible complications.
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INTRODUCTION
Calcaneal fractures are the most common tar-
sal bone fractures (about 60%). These fractures can 
be intraarticular or extraarticular as intraarticular 
fractures comprise approximately 75% of all calca-
neus fractures. Fractures of the calcaneus are com-
plex injuries often associated with fractures of the 
spine, thorax or extremities. The bone itself has spe-
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knowledge and assessment of the direction of prima-
ry and secondary fracture lines is mandatory in pre-
operative planning therefore X-ray examination (lat-
eral, axial, a-p view) and CT scan with 3D recon-
struction should be performed (4). In the last years 
vast majority of authors have paid special attention 
to the soft tissue component of the fracture in order 
to achieve higher postoperative results.
AIM
The aim of the study is to present our experi-
ence with the use of cannulated screws for fixation of 
dislocated fractures of os calcis.
MATERIALS AND METHODS
We have performed a retrospective study which 
included 20 patients operated in the Department of 
Orthopedics and Traumatology at Saint Anna Uni-
versity Hospital Varna for a period of two years (2017-
2018). Two of the patients were with dislocated extra-
articular fractures of tuber calcanei, three patients 
with “extreme beak” type fractures, the remaining 
15 patients were with intraarticular fractures with 
more than 2 mm step off in the subtalar joint: 9 pa-
tients with tongue type, and 5 patients with joint de-
pression type. The gender distribution was: 18 men, 
2 women. The mean age was 45.5 years. Classifica-
tions that were used in the study included: the Essex-
Lopresti x-ray classification modified by Stulik and 
Stehlik (5) and the CT classification of Sanders (6). 
The goal of the operative treatment includ-
ed: anatomic reduction of joint surface, restoration 
of normal bone morphology (correction of height – 
Bohler angle, length, width and position of bone), re-
duction of wound problems and complications, res-
toration of biomechanics of subtalar joint (7). De-
pending on the fracture type and dislocation, we 
used different types of cannulated screw for fracture 
fixation: 4.5 partial threated screws, 6.5 partial or 
fully threated screws. To perform a successful mini-
mally invasive operative treatment some surgical in-
struments are mandatory: lamina spreader, various 
types of bone distractors, Steinmann pins, differ-
ent size elevators, heel bone press, periarticular re-
duction forceps (9). Proper positioning of the patient 
on the operative table and no movement of patient or 
image intensifier during surgery are mandatory. Pre-
operative adjustment of the three X-ray views – later-
cific anatomy with thin soft tissue envelope, which 
further complicates surgical treatment (1). In most 
cases these fractures are results of high energy trau-
ma – fall from heights or due to traffic accident. Cal-
caneal fractures have enormous social and econom-
ic impact due to the often prolonged period of hospi-
talization, long rehabilitation and difficult recovery 
which may exceed more than six months. Also most 
of these injuries affect young or middle-aged active 
people.
Os calcis is the largest tarsal bone and forms 
the back of the longitudinal arch of the foot. It con-
sists of dense spongy bone covered with a thin cor-
tical bone, with the exception of the tuber calcanei, 
which has a thickened cortex. The bone is irregular 
in shape; it has four articulating surfaces that provide 
contact with the surrounding tarsal bones. Deformi-
ty of the bone after fracture include: loss of height, re-
duce length, increase wide, comminution of the lat-
eral wall, subtalar joint incongruence. All these path-
oanatomical changes may lead to subtalar joint ar-
thritis, anterior ankle impingement, peroneal tendon 
impingement, calcaneo-fibular impingement, heel 
varus, limb length discrepancy, reduced gastrocne-
mius power.
Calcaneus fractures may be treated with a va-
riety of methods, surgical approaches and different 
implants. There is still no consensus regarding the 
best surgical approach or method of fixation, even 
more, in a lot of cases the results are still unsatisfac-
tory (2).
Non-operative treatment of these fractures 
leads to subtalar arthrosis, stiffness, difficulties in 
shoe wearing due to disturbed morphology of the 
bone, limping and pain especially on uneven ground. 
During the years different operative techniques have 
been used from Kirschner wire fixation, pins, sta-
ples, external fixators to extensile open approaches/
dual approaches and different plates for fixation (3). 
The percent of postoperative wound complications 
of open reduction vary from 10% to 20% and high 
risk regarding soft tissue complications are associat-
ed with patients with diabetics, vascular diseases and 
smokers. 
Understanding and evaluation of the fracture 
mechanism is essential for minimally invasive re-
duction and fixation of calcaneal fractures. Detailed 
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al, axial and Broden view is crucial for the success of 
the procedure (9). 
CASE I 
A 55-year-old female presented with extreme 
beak fracture after falling from a chair (Fig. 1). This 
kind of calcaneal fracture should be operated on 
emergently because of marked disruption of the pos-
terior soft tissues, the pressure from within on the 
posterior skin will soon cause it to break down and 
convert it into an open fracture. Skin necrosis may 
occur in a few hours if reduction is not performed. 
After reduction and fixation was performed with two 
4.5 cannulated screws and one 6.5 mm fully threated 
cannulated screw (Fig. 2).
CASE II 
The patient was a 51-year-old male, heavy smok-
er for more than twenty years, with joint-depression 
type fracture, preoperative X-ray and CT scan with 
3D reconstruction (Fig. 3. A, B, C). There was severe 
calcinosis of vessels around the ankle. Reduction was 
performed with Hintermann distractor and lamina 
spreader; fixation was achieved with 4 cannulated 
screws (Fig. 4. A, B).
CASE III 
A male patient at the age of 44, with diabetes 
mellitus type I of more than 20 years, presented with 
tongue type fracture of the calcaneus. Preoperative 
X-ray and CT scan were done (Fig. 5. A, B, C). Reduc-
tion was achieved by using a Steinmann pin as joy-
stick technique and fixation was done with 4 cannu-
lated screws (Fig. 6. A, B, C).
Fig. 1. Preoperative X-ray image
Fig. 2. Postoperative X-ray image
Fig. 3. A, B, C. Preoperative X-ray and CT scan with 3D reconstruction, joint-depression type fracture
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Fig. 4. A, B. Postoperative X –ray image (lateral and axial view)
Fig. 5. A, B, C. Preoperative X-ray and CT scan, tongue type fracture
Fig. 6 А, B, C. Postoperative X –ray picture (lateral, axial view and Broden view)
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RESULTS
The study included 18 men and 2 women, fix-
ation was achieved by different types of cannulated 
screws. Evaluation of the results were made by us-
ing the Maryland Foot Score. Eleven patients had 
excellent result (55%), 7 patients - good result (35%), 
2 patients - satisfactory one (10%), and 0 patients – 
bad result (0%). Satisfaction from the treatment was 
graded using the Visual Analogue Scale (VAS) score 
with a mean score of 7.5. The average time from ad-
mission to surgery was 4 days, the mean duration of 
surgery was 58 minutes. All patients were followed 
up and all fractures healed. There were no cases with 
wound healing problems – infection or skin necro-
sis. In the postoperative period, the regular chang-
es of the dressings were mandatory and intensive 
cryotherapy was performed to reduce swelling, no 
cast immobilization was used and gradual early ac-
tive range of motion was encouraged without weight 
bearing. Mean hospitalization time was 5 days. Earli-
er implant removal due to prominent hardware caus-
ing peroneal impingement and tendinitis was per-
formed in one patient. Transient paresthesia of ner-
vus suralis was recorded in one patient, which re-
solved spontaneously in a few weeks.
The reduction was evaluated by measurement 
of the angle of Gissane, Bohler and Preis pre- and 
postoperatively on lateral and axial views. Unfortu-
nately, no postoperative CT scan could be performed 
and we evaluated the short follow-up period in the 
study. Due to strict control and patient compliance 
there was no loss on reduction in the follow-up peri-
od on conventional X-ray in this study. 
DISCUSSION
The main factors that affect the prognosis after 
surgical treatment of calcaneus fractures are recon-
struction of the congruence of the articular surfaces 
and restoration of bone alignment and morphology, 
thus preserving the normal biomechanics of the foot. 
Therefore, stable and secure fixation of the fracture 
is mandatory. Adequate fixation of these fractures is 
still a hot topic in clinical and biomechanical studies.
Despite technical evolution of medicine and the 
use of new implants regarding calcaneus fractures – 
smaller plates, locking plates with angular stability, 
open reduction and internal fixation techniques still 
have been reported to have a high percentage of soft 
tissue complications from 10% to 25%. Moreover in 
patients with high risk like diabetics, smokers, with 
vascular disease or immune deficiency and in open 
fractures the complication rate further increases.
After open procedures the functional outcome 
may be compromised due to severe soft tissue dis-
section and striping. The use of cannulated screws 
through stab incisions after adequate reduction of 
the fracture provides the opportunity to avoid a lot 
of these complications. Even more this preserves the 
soft tissues, allows rapid bone consolidation and fast-
er rehabilitation (10,11). For cannulated screws fixa-
tion (minimally invasive techniques) early surgery is 
mandatory, mobilization of the displaced fragments 
is easier and better reduction can be achieved. Early 
surgery leads to a decrease of the swelling and avoid-
ance of fracture blisters.
Due to the unique bone morphology accurate 
screw placement is a challenge. The entry points, 
screw paths trajectories and screw lengths depends 
on the type of the fracture and the direction of dis-
located fragments (12,13,14). The aim is to place the 
screws in such way to create a support in the dense 
spongy bone and to ensure stable fixation of the pos-
terior facet. The points that can ensure stable screw 
fixation are tuber calcanei, anterior process, susten-
taculum tali and subchondral bone of the posterior 
facet. Fully treated cannulated screws are perfect to 
be used to hold and restore heel length and height 
after proper reduction. Usually 4.5 mm screws are 
used to fix the posterior facet, they could be insert-
ed transversely to induce compression between frag-
ments or screws can be guided from tuber calcanei to 
the subchondral bone of the posterior facet depend-
ing on the direction of the fracture lines.
The heads of the screws should be buried be-
low the level of the cortex to minimizes the chance 
of irritation and possible discomfort. Incorrect place-
ment of screws may lead to severe complications – in-
traarticular penetration and arthritis, pain, swelling, 
tendon (peroneal or flexor hallucis longus) impinge-
ment and nerve injuries (paresthesia, tarsal tunnel 
syndrome). 
 In the literature there are a lot of studies regard-
ing safe screw localization. Based on 3D bone model 
in a radio-anatomical study Phisitkul P et al. (15) in-
vestigated the best trajectory for sustentacular screw 
28 Scripta Scientica Medica, 2019;51(2):23-29Medical University of Varna
Cannulated Screw Fixation for Dislocated Fractures of the Calcaneus
placement. The conclusions were that the sustentacu-
lar screw should be approximately 40 mm in length, 
entry point should start 15 mm below the posterior 
facet measured perpendicular to the joint line, the 
anteversion angle increases at each position along the 
posterolateral facet from 6 to 36 degrees from ante-
rior to posterior and the subtalar convergence angle 
should be 20 degrees.
In a biomechanical study, Carr et al. (16) inves-
tigated the effect of plate size on the fixation strength 
and their conclusion was that the reduction with 
bone contact is important (spongy bone), not the 
plate size, so a reposition should achieve the best pos-
terior facet reduction. In a cadaveric biomechanical 
study by Smerek et. al. (17), it was emphasized that 
percutaneous screw fixation of calcaneus fractures 
may provide a strength similar to that of plate fixa-
tion. Different implants can be used for fracture syn-
thesis and the goal is to achieve enough stability to 
promote early active range of motion, without weight 
bearing and redisplacement of the fragments (18,19). 
Optimal reduction of the articular surface could 
be improved by utilizing the sinus tarsi approach. In 
addition, arthroscopy of the subtalar joint is an ex-
cellent option for joint reduction. Proper screw place-
ment could be facilitated if the surgeon uses modern 
CT scan reconstruction intraoperatively.
CONCLUSION 
Cannulated screw fixation in dislocated cal-
caneus fractures is a technically demanding proce-
dure. Good spatial orientation, surgical experience 
and preoperative planning (CT scan in all planes and 
X-ray images) are mandatory (20). Patient selection, 
close follow up and compliance are crucial for op-
timal functional results. Cannulated screw fixation 
in calcaneus fractures is an effective surgical option 
with good clinical result, short hospitalization time, 
minimal blood loss and soft tissue dissection with re-
duced risk of complications.
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